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This  theoretical  paper  deals  with  the  conveetive  heat  transfer 
from  a  wire  to  a  gaa  at  reat*  The  gas  ia  aaeumed  to  be  at  a  very 
low  density,  the  ao  called  "Free  Molecular  Beglme".  In  thia  regime, 
the  heat  loss  from  the  wire  ia  proportional  to  the  gas  pressure  (1). 
In  the  "Free  Molecular  Begime",  as  compared  to  atmospheric  pressure 
conditions,  there  is  no  diatinet  temperature  gradient  because  the 
aaan  free  path  of  the  molecules  ia  too  big  compared  with  the  wire 
diameter*  Iherefore  it  is  impossible  to  calculate  the  convective 
heat  transfer  by  claaaical  methods,  but  the  use  of  kinetic  theory 
is  necessary. 

kihbtic  iamm 

Description 

The  kinetic  theory  applies  the  laws  of  mechanics  to  the 
individual  molecules  of  a  system,  and  from  these  laws  derives, 
for  example,  expressions  for  the  pressure  of  a  gas  and  its 
internal  energy.  In  order  to  apply  the  kinetic  theory  to  a  gas, 
some  assumptions  have  to  be  made* 

Basle  Assumptions 

1.  Matter  is  composed  of  small  discrete  units  known  as 
molecules*  She  three  states  of  matter  differ  only  in  the 
arrangement  and  state  of  motion  of  the  molecules. 

2*  Koleffules  exert  no  forces  on  one  another  except  when  they 
collide.  Iherefore,  between  collisions,  they  move  in  straight  lines* 


The  interaction  of  gas  molecules  in  collisions  with  each  other  and 
with  a  surface  can  be  treated  in  accordance  with  the  conservation 
laws  of  classical  mechanics. 

3.  Statistical  methods  can  be  used*  This  implies  the 
"principle  of  molecular  chaos",  and  a  "smoothing  out  of 
fluctuations". 

Simplifications 

1.  The  molecule  is  pictured  as  a  hard  elastic  sphere  having 
no  force  field,  the  so  called  "billiard  ball  model". 

2.  The  molecules  are  distributed  uniformly  throughout  the 
space  under  consideration. 

3.  The  number  of  molecules  is  sufficiently  large  that  any 
small  element  of  volume  will  still  contain  a  sufficient  number  of 
molecules  to  give  meaning  to  gas  properties. 

h.     All  directions  of  molecular  velocities  are  equally 
probable.  Velocity  components  are  statistically  independent  (2). 

UBFIKITIQKS 

Free  Moleeular  Begime 

There  is  no  unique  definition  of  the  "free  molecular  regime", 
-rschf elder,  Curtiss,  and  Bird  (3)  define  it  as  the  regime  in 
which  the  mean  free  path  is  of  the  same  order  of  magnitude  as  the 
dimensions  of  an  object  immersed  in  the  gas. 

Present  (h)   restricts  the  regime  somewhat.  Kis  definition  of 
the  "free  molecule  flow"  is  that  the  mean  free  path,  ^  ,  of  a 
molecule  is  sufficiently  long  that  collisions  between  gas  molecules 


biaame  negligible  near  tbe  object  immersed  In  the  gas*  Mr  this 
reason*,  the  energy  transport  Into  the  gas  is  determined  •Hwyt 
entirely  by  the  collisions  of  the  molecules  with  the  object  and  is 
practically  unaffected  by  intermolccaUr  collisions. 

■start  and  &rake  ( j)   «jive  nearly  the  same  definition.  they 
define  tne  "free  aolecule  flow**  as  one  where  tne  asan  free  path,>  , 
Is  very  aueh  larger  than  any  fllmtf  leant  body  distension*  Du*  Ibis 
last  definition  is  also  given  ty  asvieoae  UK 

In  this  paper*  the  "free  molecular  regime"  is  defined  as  the 
region  where  the  asan  tx—  path,  >  ,  is  five  or  acre  tines  bigger 
than  the  ■Ignlflnsnt  rtlaenjlrr  &.,*  of  the  wire  iaaersed  in  the 
fast  >  -  5^.  It  is  important  to  note  that  the  aeon  free  path 
is  not  the  dl  atimos  between  molecules,  so  that  even  in  highly 
rarefied  gas,  there  are  still  a  sufficient  number  of  aoleeelee  in 
a  unit  voluas  of  the  gas  to  give  meaning  to  gas  properties  such  as 

mean  free  lath 

Since  the  gas  under  consideration  is  snaanssrt  of  impenetrable 
elastic  spheres ,  a  collision  between  two  molecules  is  veil  defined* 
This  makes  it  possible  to  introduce  a  quantity  ftntnm  as  the  **aaan 
free  path",  "X  ,  which  is  the  average  distance  traveled  by  a 
molecule  bstween  collisions  G). 

Sears  (2)  assumes  that  except  for  the  test  molecule,  all  other 
molecules  are  stationary*  Hie  teat  molecule  moves  among  the  others 

ss^p"we*   was    ••  w  ^as> ™*^aW0    apjj^B^^weiej      v  a        ^^si^^e    aHnnieia^^pSMe^PeP    a^^ea^p    aa    •  wiaaw*     w'     9        •avr 

the  instant  of  a  collision,  the  center-to  ■uontcr  distance  of  the 


colliding  molecules  is  2p  •  Ibis  results  in  an  effective  cross* 
sectional  area  of  the  moving  molecule,  called  its  "collision 
cross  section" ,  c^  >  of 

If  there  are  H  molecules  per  unit  volume,  the  number  of  collisions 
per  unit  time,  called  the  "collision  frequency",  a,  is  therefore 

s=d  •  H  •  f  (3*2) 

The  mean  free  path,  >  ,  equals  the  total  distance  covered  in 
tiae,  t,  divided  by  the  number  of  collisions  in  this  time. 


>  = 


>  =   1 
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schf elder,  "urtiss,  and  Bird  (3)  make  a  different  assumption 
to  calculate  the  aean  trm  path,  >  «     Ihey  assume  that  one-sixth 
of  the  total  number  of  molecules  per  unit  volume  moves  in  each 
positive  and  negative  direction  in  space.     This  assumption  leads 
to  a  mean  free  path  of 


f-Mn 


In  tnls  report  Star 'a  *orre-fced  aquation  f  or  >  la  used,  unlet* 
assises  Huwellian  velocity  distribution  aad  takes  Into  account 
tne  relative  velocities  ana  results  In 


Oebnart  (7)  defines  tne  •Knudaea  aaabar",  Kn,  aa  tne  nuobar 
which  results  IT  one  divides  tne  naan  tree  patk,  >  f  by  tne 
efaaraeteriatic  body  diDonsion,  Jwt 


2ne  "average  epeed",  V,  la  found  by  adding  together  tne 
speeds  of  all  »oleculeet  and  dividing  by  the  total  xunber  of 

molecules i  n9  (2). 

■ 
"1^1    Vi 
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ttaxwell-Boltsmnn  Speed  Distribution 


BT  kinetic  theory,  the  "Maxwen-Boltsoann  apaad  distribution11 
la  given  fey  (2) 

*,  =  (WfF  >(«/*  t0)V2  v2  «-C»v*/atf0>  4V        0#3) 

Figure  1  afaows  tne  graph  of  a  KMMell-Boltmnn  speed  distribution 
function. 


Most  Probable  Molecular  Speed 

The  most  probable  molecular  speed,  Vm,  is  the  speed 
corresponding  to  the  maximum  point  on  the  graph  of  a  Maxwell- 
Boltzmann  speed  distribution  function.     In  other  words,  more 
molecules  have  the  speed,  Vm,  than  have  any  other  speed.     It  is 
found  in  setting  the  first  derivative  of  the  Maxwell-Boltzmann 
speed  distribution  function  to  zero,  which  gives  (2) 

>2k  I^>V2 


V 1-7*)  0.9) 


Accomodation  Coefficient 

Consider  a  gas  molecule  which  possesses  a  certain  energy, 
e0,  corresponding  to  the  temperature  of  the  surrounding  gas,  X0. 
Upon  collision  with  the  heated  wire  this  molecule  would  ideally 
acquire  an  energy,  ev,  corresponding  to  the  wire  temperature, 
Tw.  However  the  molecule  rebounds  with  an  energy,  er,  which  is 
usually  different  from  ew.  The  accommodation  coefficient,  a, 
is  then  given  by  (6)(  (3) 

a=  er  *  eQ  (3.10) 

e^  •  e0 

The  accommodation  coefficient  as  defined  above  is  concerned  with 
the  total  energy  of  a  particular  molecule. 


of  i*eN*ft  of  nmOm  a**  tfco  aws*  is*w 

"orasstod  tilth  ossfa  dhtm  of  J*oo*ob 

2bo  nuBber  of  •dsgros*  of  f*o*4o*»  of  *  »0lO9Ul0  1»  tbst 
of  ooorttiato*  imsiiiy  to  Oofis*  Its  tfooswtrissl 

losstlon  aad  orisntatiou  O). 

«rcn  klosftio  ttosoiy  9  «*  a  ws«s  nolomiUr  **«r*y  for  osofc 
of  froodoa  is  (2) 


•  -  i  k*  O.U) 

It  follow  tfcat  the  avorsjo  total  oaor«y  Of  •  SMiUsulo  is 


u  = 


A  aistlaettai  osa  b»  s*4o  fefftmsa  **  *•«*»••  ©f  fToodoo  duo  to 
translation,  rotation  aad  vitratloa  (2),  (9)»  CU»» 


MMOOMM  01  si  WMATKM 
BEAT  »AM»  JMfA  WXBE  t©  A  RAnFlftD  OU 

Sfao  «oovootivo  host  tioasf or  froo  s  vir©  to  «  *to  is  Urn 
Cms  wafcwwOs*  ••**■•  t*  s*w*nsd  ^r  tbo  m*t&  bslsuost 

-a-  =  Oj,  -  ©0  (V.1) 


1_    *3 

B 

is  tbo  ©oavootiw  lust  trans* or  rsto  to  too  §ts  por  unit  surfsos 
of  too  wlro* 


AIM 


d  E0 


dA 
is  the  energy  transport  rate  of  the  incident  molecules  to  the 
wire  per  unit  surface  area  and  unit  time,  and  n^  is  the  number  of 
molecules  striking  unit  surface  area  per  unit  time. 

From  the  definition  of  the  accommodation  coefficient 

a=JE o  (3.10) 

ew  -  e0 

where 

is  the  transport  rate  of  energy  away  from  the  wire,  corresponding 
to  a  wire  temperature,  Tw,  of  rebounding  molecules. 

Substitution  of  equation  (3.10)  into  equation  (4.1)  yields 

— 3 ■  «»  m   e0  (4.2) 

a  •  ng 

Bote  that  for  a  given  temperature  and  a  given  gas  the 
accommodation  coefficient  can  only  be  determined  by  experiment, 
as  it  depends  on  the  material,  the  structure,  and  the  surface 
condition  of  the  wire  (8). 

The  assumption  which  pictures  the  molecule  as  a  "billiard 
ball"  is  now  dropped. 

From  equation  (3.12),  the  average  total  energy  of  a  molecule 

m 

IS 

u=£  kT  (3.11) 


«T  *afinition  (a) 

t 

0MU 

Safeitltuting  definition  (**«3)  Into  equation  O.ll)  yielda 

! 

<^.*0 

(  «  -  1) 

Hit  tranalatioaal  energy  of  a  ooleeule  rebounding  fro*  too  wire 

at  a  teaperature,  Xw,  la  ( 

*tW  ™"  *  •* 

W*  expression  la  V3  tinos  aa  great  as  the  aean  tranalational 

energy  of  a  gas  la  equiiiarua  at  the  ease  taaparaturo  (2). 

Sinee  tae  traneaationai  part  of  eaer«y  la  oquilifarua  la  dua 

to  three  degree*  of  froodcn,  it  follows  that 

My 

%•*  **••**  +  —*  ^a*  Aw   — **Hr  Aw  27k -ll  ^ 

A                      <•                     *        ' 

(^•5) 

Similarly,  the  energy  transport  rota  to  too  wire  of  aa  incident 

aolecule  la 

«.•«,-  %Ho  ^f^'o  ".-to  *  ^y-if  "^  *• 

(^•6) 

«MM 

la  the  tranalatlooal  energy  traneport  rata  to  the  wire 

©orreapooding  to  a  surrounding  temperature,  XQ. 
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flttfagtltubioa  off  aquations  <*».5)  aad  <W  ***«  oquatioo  <»*.2) 


»♦      1 


■?  r  US, 


S =  Rnb v*  •  *■*  ^trnr  *•**>    <^> 


2*oo  JOnetie  theory  (2),  (3) 

ff1 


3      ^=.     i  hi    i  iM 


M) 


w 


%°t=(i^~qj£)  **< 


ftiMtltutioa  <*  oqufttions  (**.3)  and  (*.9>  into  •qufttlon  0*.7) 
ylalda 

2TT-TT  %ff      *      V     |Jt  2U-D  apr      oJ 


... 


W 


kl0»B»f, 


2(K  -1)  ^         2(  )f  -  1)      / 


(**.10) 


XI 


After  iinnmiji  snout  and  putting  Into  a  rtlnonslotil  ess  f  ora, 
MOfttlOD  0»«10) 


2  *  W  »  q y  »  1       5* -fa*  — Slsl^Lx 

a  •  k  •  20  •       •  vB        IfF*  1)     T0  2(  *   -  1) 

(»*.ll) 
Ibis  aquation  is  soBowbat  slrtUr  to  the  one  Qpunholm  (3) 
developed  tor  the  heat  transf or  from  a  body  of  control  geoaetry 
to  a  eoving  rarefied  gas* 

She  difference  of  oquation  fr.ll)  eoaparod  to  Oppenheia»s 
equation  is  its  lack  off  generality  and  the  foot  that  oquation 
0*.ll)  la  based  on  tho  assumption  that  the  looal  heat  troaoffor  io 
the  sane  over  tho  ontiro  wire.  Qn  the  othor  hand!  QppenheiB*s 
oquation  does  not  cover  too  hoat  transfer  froo  a  wire  to  a  gas  at 
root*  Furthorsoro,  QpponhoiB'a  oquation  applied  to  a  body  of 
cylindrical  ahapo  eontaino  an  indeterainate  aurffaee  integral* 

Both  oquationt  haw  tho  assumption  that  tho  wire  is  long 
enough  that  the  end  efffeets  oan  be  negleeted* 

Baldwin  (11)  published  the  reeulta  of  a  study  eoneerning 
heat  loas  froa  hot  wires  in  rarefied  gases*  Bo  gives  an 
equation  for  tho  conductive  heat  transfer  whieh  is  valid  for 
still  air  with  Saudsen  nuabers  greater  than  five* 


iai-- * =0*303  •  a  •  "Jf      -1) 

T«  1  •  k«  (tjpo) 


12 

For  purpose*  of  comparison,  equation  (5*1)  «an  bo  rearranged 


q  -  0.303  •  »  • 


By  Ah  '  *'  aw- V       ** 


Baldwin  Tails  to  state  the  assumptions  sade  ana  the  procedure 
usoa  to  obtain  aquation  (5*1) •    However,  ha  points  out  that  too 
rasults  of  aquation  (5*1)  ehe«k  reasonably  wU  with  test  results 
if  the  ami— alfltion  eoeXrieient  U  assumed  to  have  a  value  of 
approaclaately  0*3*     In  this  paper  equation  (V.11)  is  coopared 
with  equation  (5*1)  and  the  results  are  shown  in  Figures  2  and  3^ 


CALOJUIKW  Or  IHE  isUf  tBAKsYBB  OD 
aiSOJSSIOR  «r  SHI  BESOMS 

From  equation  (W.10) 

<*.10) 
the  neat  transfer  rate  per  unit  tine  and  unit  area  «aa  be 
ealeulated.    To  reduee  the  nueber  of  variables  and  put  the  above 
equation  into  a  f om 

q 

--f(mt  i0,  x¥,  i^t  »tp  ,M 
sow  substitutions  have  to  be  aade. 


II 

**oa  equation  D.9)f  tne  aost  probable  aole*ular  speed. 


?-t  is 

I 


from  klaetle  theory  (2),  the  pressure  is 


P-  ill  •  a»  •  I*  (6.1) 

2 
ifcero  v    is  tne  average  value  of  tne  square  of  the  speed  of  all 

■olecules  and  is  given  by  (2) 

7*  -«^ft  (6.2) 

Sobttituting  equation  (6,2)  into  equation  (6.1)  yields 


From  equation  G*5)»  tne  aean  free  patn,  >   >  is  gives  toy 


Sabsjtltutlng  «  froo  equation  (u.3)  into  equation  0*5)  yields 

*  "  kr\fz  •  r~^  MM 

equation  0*o)  to  evaluate  tne  preesure  gives 


Ik 


Equation  (6*5)  substituted  Into  equation  (u.3)  ijivea  the  number 
of  noleeules  per  unit  voluoe  as 

1  1 


..= 


^pr        p^  .  ^  .  m 


Finally,  using  equation  CM)  f  or  X  and  equation  Q.?}  for  Yc, 
the  neat  transfer  rate  per  unit  tlae  and  unit  area  from  equation 
0*.1O) 


•w  —  i.  I    * 

*  8  IT 


<*«  '  *) 


1/1 


dk 


2<r-l)        *>     2<V-1)   j 


0*?) 


Using  the  uuaerieal  value  of  1.33  •  10*33  joules/0*  •  noleeule 
for  the  Boltsaann  eonstant,  k,  the  equation  for  the  pressure,  F, 


P-Q.7766W  •  lO"^    J 


iJwmi 


p6-    •  i\,  •  m 


..owia^/;.rJ 


(*»*) 


and  equation  (0*7)  yields 

J-o.usaa  •  i<f**  .  r0V2  .  W — 2  •  — — 

■^  •  J3     ^  •  Kn 


3G«  • 


Het) 

To  eoopare  Baldwin's  equation  (5*2)  with  equation  (o.9),  It 
too  has  to  he  rearranged  Into  a  fens 


i-f(Kn,  f0f  3^,  a*). 


15 


Frm  referenoe  (12),  the  conductivity,  k»,  of  air  at  rest  Is 


k«  =  0.018? 


X*  0.0022<J  (*fl  «  **    -  273) 


r 


jtf 


& 


fir 


(6.10) 


She  values  of  this  equation  agree  roaaonauly  wall  vita  the 
tabulated  values  given  fy  Logan  and  treanor  (l1*).    After  using 
the  numerical  value  for  the  Boltsminn  constant,  k,  and  conversion 
of  aquation  (6.10)  to  the  HHS-systemf  aquation  (5*2)  for  the  heat 
transfer  per  unit  tine  and  unit  area  beeonee 


|=  0.?72t>7  •  10 


41 


1  *  0.223  •  10"*  *lf93    *M  "  273) 


■  *   Jw 


CX-  -  U 


joules 

SOC     •    fi2     . 


(6.U) 


Equations  (6.9)  and  (6.11)  haws  been  translated  into  Fortran 
language  and  programs  have  been  written  to  permit  numerieal 
evaluation  of  the  heat  transfer  hy  use  of  the  IBM  1620 
9m  the  programs  and  flow  diagrams,  see  appendix* 

The  heat  transfer  rate  per  unit  time  and  unit  area  has  been 
ealeulated  for  all  possible  eombinatlons  of  the  following 
tabulated  values  of  Kn,  Tov  Xyf  and  tfy. 
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*• 

*w 

* 

% 

* 

s 

293 

*»oo 

0,001 

333 

500 

373 

600 
700 
000 
900 
1000 

5 

10 
15 
20 
25 

30 
35 

U 

«»5 
10 

Equation  <6.U)  tea  boon  ovaluatod  for  air  only, 

Equation  (6*9)  *»•  boon  evaluated  fur  air,  ar«on9  fcellue, 

Q^i  and  «2* 

Zne  noleoular  »»,  Boleeula*  radius  and  tia 
given  In  the  following  tabulated  for*  G)>  (13)* 


...  If 


1,1*0000 
1.66670 
1.66670 

moooo 

1.H0000 


*g 

>030 

6.6W390 
5.31110 

**.6*#990 


10 
10 
10 


til 


10 


4M 
-27 


10 


t4M 


•  value  of  5"  ia 

f 

■ 

1.3V*50  • 

10-10 

1.73250  ■ 

10-w 

1.23000* 

10-10 

1.77050  * 

IQ-™ 

1.67^50  • 

10-10 

S»  tabulate  results  are  ^iven  la  the  appendix  and  are  in  tii© 
fore  Sat  To,  Xwt  Oy,  *>»  |  • 

A  oonparisou  of  the  result*  of  Baldwin's  equation  and 
equation  <u*9>  developed  Ja  this  paper  for  air  shows  that  with 
a  ratio    of  •*  -  j.**l«?t  a*ldvia»*  aquation  gives  a  heat  transfer 
par  unit  tlae'aad  unit  area  valah  is  approximately  3*tf  aigiie* 
than  that  of  aquation  (6*9)»    &m  Figure  a* 

With  a  ratio  of    Sfc-1»0?39  laldwln'a  aquation  yields 
*o 
results  waleh  are  apntoxlaatoly  19.5*  lower  than  ara  the  roaulta 

of  equation  (u.9>.    aee  figure  $• 

■qwatlorn  (6*9)  and  (6*11)  give  about  tae  aaae  heat  transfer 

rate  vita  a  ratio  of  f*   of  apjyoxlaately  1*9*    See  figure  *>• 

*o 

tale  disagreement  between  equation  <6*9>  *ad  Baldwin's 
oquation  eould  be  due  to  several  factors*    The  following  two 
eould  aost  likely  bo  the  reasons  for  tae  (Uffereaee  between  tat 
two  oqsrttoms, 

a)  It  eon  be  questioned  now  eloee  equation  (u*ll)t  tae  beet 
available  infornation  for  tae  theronl  eonduativity,  is  ia  agree- 
■eat  with  reality  at  tae  low  iwessures  used*    It  also  eaa  be    asked 
if  tne  eoneept  of  there*!  eonduetivity  ia  tae  tree  aoleeolar 
regis*  is  valid* 

b)  the  Y  in  equation  (6*9)  was  aseuwed  to  be  a  eonstaaft 
ever  tae  entire  temperature  range  eonsidered.    However  T  is  a 
funetion  of  tae  degrees  of  freedo*  eg  given  by  equation  ffcfji 
wita  I novel ling  teenarature  the  aoleeulee  aetlvate  additional 
degrees  of  freedoa  due  to  vibration  (15).    «tta  sddttloasi  degrees 
of  freed©**  *  would  deereaee  aeeordtag  to  equation  0*.$)  and 


u 


i  of  equation  (o.9)  vould  ineroaeo,  but  new  MM  fete*  *$* 
tor  a  dlatomi*  gaa.    1&i*  would  reduce  Uio  discrepancy  between 
the  two  equationa  a*  femur  temperature  ratios. 

A*  there  eould  not  be  found  any  experimental  date  far  the 
heat  tranefer  tree  a  not  wire  to  a  rarefied  gae  at  rert,  and, 
as  pointed  out  before,  the  jireeedure  used  to  obtain  a&ldwin's 
equation  nee  not  been  published,  any  f urtner  discussion  of  the 
results  obtained  ay  equation  (6*9)  eould  not  be  bared  on  any 
background  material. 
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COMPUTER  PROGRAMS  AND  FLOtf  DIAGRAMS 
Symbols  Used  to  Designate  the  Variables 


a 

* 

R 

P 

0 

IS 

u 

Kn 

TO 

To 

m 

% 

DW 

ft, 

Ql 

3.  by  equation  (6.9) 
a 

Q2 

SL  by  equation  (6.11) 
a 

P 

P 

Program  for  Ql 

10 

Read  20,  I,  IA,  IB,  10 

20 

FORMW  (13,  13,  13,  13) 

30 

BEAD  1*0,  DELI4,  DELIB,  DELIO 

ko 

FORMAT   (F^+.O,  F*f.O,  F*f.O) 

50 

HEAD  60,  U,  TO,  TW,  DV 

60 

FGR2&T   (E12.5,  E12.5,  E12.5,  E12.5) 

WT  =  TW 

or-  to 

AU=  U 

70 

DO  96    3   -  1,   I 

80 

READ  90,   G,   0,  R 

2h 


90         FORMAT   (E12.5,  E12.5,  E12. 

loo      nra  110,  a,  o, 

110         FORMAT   (E12.5,  E12.5,  B12.5) 
DO  97         K  =   1,    IA 
DO  93         L  =    1,   IB 
i>0  99  =  1,   1^ 

p  —  (.7766^  E  -  2**)  *  T0/((R**2)  *  DW  *  U) 
—  (.11528  E  *  35)   *   (T0**1.5)/((0**.5)*(R**2)*DW*U) 

b=  ((a*i.)/(2.*(j~i.)))*(WT0)-(2.+  (;.-(3.*a))/ 
(2.*(a-i,))) 

(jl—  A  *  B 

PUNCH  120,  U,  TO,  TW,  DW,   P,  Ql 
120         FORim   (El^.5,  E12,5,  E12.5,  E12.5,  E12.5,  E12.5) 
99         TW  =  TW  *  DELIw 

TW=-  WT 
93         T0=  TO  +  DELIB 

f#—  or 

97         U*=  U  +  DELIA 
0- 

96  .tinue 

END 
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Prograa  for  q2 

10 

BEAD  20,   I,   IA,   I 

20 

FGB2AI   (13,   13,   13,   13) 

30 

HEAD  **0,  DELIA,  DELI3,  DELIv, 

ko 

Rmz  (f>ko,  f»*.o,    ., 

50 

BEAD  60,  U,                    >)W 

60 

F0R1&T   (212,5,  212.5,  B12.5,  112.5) 
WT=  III 

ar=  | 

AU=  U 

70 

READ  30,    J,    0,  R 

80 

FORMAT   (E12.5,  E12.5,  E12.5) 

90 

HJ1IUH  100,   G,   0,  R 

100 

FORMAT   (E12.5,  HtS*5,  E12.5) 
DO  97       K  -  1,   IA 
DO  93       L  =  1,   IB 
DO  99           —If   1^ 

P   =-  (.7766»«  ■  21+)  *  T0/((R**2)   •  DW  *  U) 

B   —   (.572673  -  02)  *   (1.  *    (.223E  -  02)  * 
(((I(V?W)/2.)  •  273.)) 

D  —   (l./(U*DV/))  *  TO  *   ((TW/TO)  *  1.) 

=           D 

PUNCH  110,  U,  TO,  TW,  DW,   P,  Q2 

110 

FORMAT   (E12.5,  E12.5,  E12.5,  E12.5,  E12.5,  E12.5) 

99 

TW  —  TW  +  DELIO 

26 


TO  =  TO  *  DELIB 
TO=  OT 

= 

=    Atf 
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Flow  Diagram  for  ql 
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READ  VALUES   OF 
I,    IA     IB,    IC 


READ  VALUES   OF 
DELIA,   DELIB,   DELIC 


READ  INITIAL  VALUES  OF 
U,   TO,   TW,   Dff 


I 


WL 

OT 
AU 


TW 

TO 
U 


DO  96     J  -  1,    I 
I 


READ  G,    0,   R 


PUNCH  G,   0,  R 


DO 

97 

K 

= 

1. 

IA 

DO 

93 

L 

=3 

1, 

IB 

DO 

99 

M 

=5 

1, 

IC 

P  »  (.77664  E  -  24)  *  T0/((R**2)  *  DVT  *  U) 
A  «  (.11528  E  -  35)  *    (T0**1.5)/((0**;5)  *(R**2)*DW»U) 
((0  +  l.)/(2.*(Ol.)))*(Tl7/T0)-(2.+(5;-(3.*G))/(2.*(G-i;))) 


01  -  A  * 

B 

HJNGH 

JLt_ 

TO,    OT,   DVT,    P,   Ql 

99 

TW  -  TW  +  DELIC 

TW  =  TO 

1 

98 

TO  -  TO  +  DELIB 

TO  -  OT 

1 

97 

'     U  -  U  +  DELIA 
U  -  AU 

1 

96 

CONTINUE 

1 

PAUSE 

END 

. 
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Flow  Diagram  for  ^2 


30 


READ  VALUES  OF 
I,  IA,  IB,  IC 


READ  VALUES  OF 
DELIA,  DELIB,  DELIC 


READ  INITIAL  VALUES  OF 
Ut  TO,  TWf  DW 


m  »  aw 

OT  »  TO 
AU  •*  U 


READ  G, 

o, 

R 

1 

PUNCH  G, 

o, 

R 

I 

DO  97  K  -  1,  IA 
DO  98  L  -  1,  IB 
DO  99     M  «  1,   IC 


P  ■  C77664  E  -  24)   »   T0/((R**2)  *   DW  *  U) 
C  -  (.57267  E  -  02)  *    (l.   +  C228E  -  02)  *    (((T0+TW)/2;)  -  273.)) 
D  -  (i;/(U*DW))  *   TO  *   ((TIT/TO)  -  1.) 
Q2   =  C  *  D 


PUNCH  U,   TO,   TW,  DW,   P,   Q2 


99     TW  -  TW  +  DELIC 

TW  =  WT 


98     TO  -  TO  +  DELIB 
TO  o  OT 


97     U     »  U  +  DELIA 

U     -  AU 


PAUSE 
END 
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Results  for  Air  from  Baldwin^  Equation 


G  0  R 

..   OOF-00  4.8068OE-26  1.84450E-10 
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U 

•-.  OOOOE-OO 
;  .OOOOOE-00 
3.O0000E-00 
5*OOOOOE-00 

5. OOOOOE-00 

:j.n0O0OE-00 

5.0000CE-0C 

* .OOOOOE-00 

5, OOOOOE-00 

^.OpnoriF-OO 

I .OOOOOE-OO 

'  .  r,r.O0OF-OO 

.  OOOOE-00 

5.0000CE-00 

5.0000CE-00 

5.0C00CE-00 

5. OOOOOE-OO 

5. OOOOOE-OO 

s.OOOOCE-00 

5.00000E-00 

.OOOOOE-CC 

.^OOOOF+Ol 

.OOOOOE+Ol 

.OOCOOE+Ol 

.nooocE+oi 

.OOOOOE+Ol 
.OOOOOE+Ol 
.OOOOOE+Ol 
.OOOOOE+Ol 
.OOOOOE+Ol 
.OOOOOE+Ol 
.OOOOCE+Ol 
.OOOOOE+Ol 
.OOOOOE+Ol 
.OOOOOE+Ol 
.OOOOOE+Ol 
.  I  OOOE+Ol 
.OOOOOE+C1 
.OOOOOE+Ol 
.OOOOOE+Ol 
.COOoOE+Gl 
.OOOOOE+Ol 
.50000E+01 
.50OO0E+01 
•50000E+01 
."SOOOOE  +  Ol 

.^noooE+oi 

•5COOOE+01 
.50000E+01 

.5OOOOE+01 
.bOOCOE+Ol 
.bOOOOE+Ol 
.5OOO0E+O1 
.50COCE+01 
.5OOOOE+01 


TO 

2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93OO0E+02 
2.93000E+02 
2.93000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+C2 
3.33000E+02 
3.330OOE+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
2.93OOCE+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
3.33000E+02 
3.33000E+02 
3.3300CE+02 
3.33000E+02 
3.33000E+02 
3.3300OE+02 
3.33000E+02 
3.73000E+02 
3.730C0E+02 
3.730OOE+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
2.93000E+02 
2.93000E+C2 
2.93000E+02 
2.93000E+02 
2.9  3000E+02 
2.93000E+02 
2.93000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33OOOE+02 
3.33000E+02 


TW 

4.00000E+02 
5.0OO0UE+02 
6.00000E+02 
7.00000E+02 
8.00000E+02 
9.00000E+C2 
l.OOOOOE+03 
4.00000E  +  (  2 
5.00000E+T2 
6.00000E+G2 
7.00000E+02 
8.00000E+C 2 
9.00000E  +  C  2 
l.OOOOOE+03 
4.00000E+C 2 
5.00000E+02 
6.0O00OE+02 
7.0O0OOE+O2 
8.0O000E+02 
9.00000E+02 
l.OOOOOE+03 
4.00000E+02 
5.OOO0OE+O2 
6.00000E+O2 
7.00000E+02 
8.00000E+O2 
9.00000E+02 
l.OOOOOE+03 
4.00000E+02 
5.00000E+02 
6.00000E+C2 
7.OO0OOE+02 
8.0O00OE+02 
9.00000E+02 
l.OOOOOE+03 
4.00000E+02 
5.OCO0OE+O2 
6.00000E+02 
7.000OOE+O2 
8.00000E+02 
9.00000E+C2 
l.OOOOOE+03 
4.00000E+C2 
5.OOC0OE+C2 
6.00000E+02 
7.00000E+02 
8.00000E+02 
9.0000OE+O2 
1.C0000E+C3 
4.00000E+02 
5.00000E+02 
6.00000E+02 
7.00000E+02 
8.00000E+02 
9.00000E+02 


DW 

.OOOOOE-03 
.i  wOOOE-03 
.OOO'00E-03 
.uGGOOE-03 
.00000E-03 
.OOOOOE-03 
.GuOO0E-03 
.OOOOOE-03 
•0U000E-03 
•OOOOOE-03 
.(  OOOOE-03 
0OOE-O3 
•OOOOOE-03 
.^uOOOE-03 
.uOuOCE-03 
.uOOOOE-03 
.oOuOOE-03 
.uOuOOt-03 
.OOOOOE-03 
.OUOOOE-03 
•OOOOOE-03 
.OOOOOE-03 
.OOOUOE-03 
.OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.GGGOOE-03 
•OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
•  OO.OOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.^OLOOE-03 
.u0u00E-03 
.OOOOCE-03 
.OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
•OOOOOE-03 
•OOOOOE-03 
•OOOOOF-03 
•OOOOOE-03 
•oOOOOE-03 
•OOOOOE-03 
•OOOOOE-03 
•oOoOOE-03 
•OOOOOE-03 


1.33770E- 
1.3377GE- 
1.33770E- 
1.33770E- 
1.33770E- 
1.33770E- 
1.33770E- 
1.52032E- 
1.52032E- 
1.52032E- 
1.52032E- 
1.52032E- 
1.52032E- 
1.52032E- 
1.70294E- 
1.70294E- 
U70294E- 
1.70294E- 
1.70294E- 
1.70294E- 
1.70294E' 
6.6B832E' 
6.68832E 
6.68852E 
6.68852E 
6.68852E 
6.68852E 
6.68852E 
7.60162E 
7.60162E' 
7.60162E' 
7.60162E' 
7.60162E' 
7.60162E' 
7. 60 162 E 
8.51473E 
8.51473E' 
8.31473E< 
8.51473E 
8.3147  3E' 
8»51473E 
8.51473E 
4  .  4  5  9  0  1 E 
4.45901E 
4.45901E 
4.45901E 
4.45901E 
4.45901E 
4.45901E 
5.06775E 
5.06775E 
5.06775E 
5.06775E 
5.06775E 
5.06775E 


02 

■00  1.43088E+02 
•00  3.03843E  +  02 
•00  4.9C712E  +  02 
•00  7.03695E+02 
•00  9.42792E  +  02 
•00  1.20300E+03 
•00  1.49932E+03 
•00  9.3C967E  +  01 
•00  2.53852E+02 
•00  4.40721E  +  02 
•00  6.53704E  +  02 
■On  8.92800E+02 
•00  1.15801E+03 
■00  1.44933E+03 
■00  3.89267E+01 
•00  1.99682E+02 
-00  3.86551E+02 
■00  5.99534E+02 
-00' 8.38630E+02 
-00  1.10384E+03 
-00  1.39516E+03 
-01  7.15442E+01 
-01  1.51921E+02 
-01  2.45356E+02 
-01  3.51847E+02 
-01  4.71396E+02 
-01  6.04001E+02 
-01  7.49663E+02 
-01  4.65483E+01 
-01  1.26926E+02 
-01  2.20360E+02 
-01  3.26852E+.02 
-01  4.46400E+02 
-01  5.-79005E+02 
-01  7.24667E+02 
-01  1.94633E+0] 
-01  9.96410E+01 
-01  1.93275E+02 
-01  2.99767E+02 
-01  4.19315E+02 
-01  5.51920E+02 
-01  6.97582E+02 
-01  4.76961E+01 
-01  1.01281E+02 
-01  1.63570E+02 
-01  2.34565E+02 
-01  3.1^26^E+02 
-01  4.02667E+02 
-01  4.99775E+02 
-01  3.10322E+01 
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OOCE+Ol 

3.33000E+02 

'• 

.50000E+01 

3.33000E+02 

4 

.50000E+01 

3.73000E+02 

4 

.50000E+01 

3.73000E+02 

4 

•50000E+01 

3.73000E+02 

k 

.^OCOOF+01 

3.7300CE+02 

'. 

.SO00OE+O1 

3.730C0E+02 

h 

.50000F+01 

3.73O00E+02 

4 

.50000E+01 

3.73000E+02 

t 

,OOOOOE+01 

2.93000E+02 

.f-OQOOE  +  Ol 

2.93000E+02 

.OOOOOE+01 

2.93000E+02 

.OOOOOE+01 

2.93000E+02 

.OOOOOE+01 

2.93O00E+02 

.OOOOOE+01 

2.93000E+02 

OOOE+01 

2.93000E+02 

6 

.OOOOOE+01 

3.33000E+02 

* OOOOOE+01 

3.33C00E+02 

5 

.OOOOOE+01 

3.3300OE+02 

c 

,nnoncF+oi 

3.33000F+C2 

•• 

.OOOOOF+Ol 

3.33000E+02 

I. 

.OOOOOE+01 

3.33000E+02 

.OOOOOE+01 

3.33000E+02 

' 

.OOOOOE+01 

3.7.3000E  +  02 

.OOOOOE+01 

3.73000E+02 

5 

.00000E+01 

3.73000E+02 

5 

.OOOOOE+Ol 

3.73000E+02 

5 

.OOOOOE+01 

3.73000E+02 

5 

.OOOOOE+01 

3.73000E+02 

.OOOOOE+01 

3.73000E+02 

TW 

9.00000F+02 
1.00C00;E+.Q3 
4.00000E+02 
5.00000E+Q2 

6.00000F+T 2 
7.00000E+02 
8.00000E+02 
9.00000E+02 
1.00000E+03 
4.00000E+02 
5.00000E+02 
6.00000E+02 
7.00000E+02 
8.00000E+02 
9.00000E+02 
1.000C0E+C3 
4.00000E+02 
5.00000E+02 
6.00000E+02 
7.0000PE+02 
8.00000E+02 
9.00000E+02 
1.00000E+03 
4.  00000 E +  12 
5.000COE+02 
6.00000F+02 
7.00000E+02 
8.00000F+O2 
9.00000E+02 
1.00000E+03 
4.00000E+02 
5.00000E+02 
6.0C000E+02 
7.00000E+02 
8.00Q00E+02 
9.00000E+C2 
1.00000E+03 


DW 
OOF-03 
.OO0O0F-0  3 
OOE-03 
.uOOOOE-0  3 
.00000E-03 
.0U000E-03 
•UCOOOE-03 
.uutOOE-03 
.0U000E-03 
•uOOOOE-03 
.OOOOOE-03 
•OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.U0000E-03 
.OOOOOE-03 
•OOOOOE-03 
•OOOOOE-03 
•OOOOOE-03 
,O0000E-03 
•OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.:  OOOOE-03 
.00000E-03 
•OOOOOE-03 
•OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.OOOOOE-03 
.UOOOOE-03 
.U0U00E-03 
.OOOOOE-03 
.OOOOOE-03 
•OOOOOE-03 


P 
1.4  86  3 
1.486  3 
1.6892 
1.6892 
1.6892 
1.6892 
1.6892 
1.6892 
1.6892 
1.8921 
1.8921 
1.8921 
1.8921 
1.8921 
1.8921 
1.8921 
•1.3377 
1.3377 
1.3377 
1.3377 
1.3377 
1.3  3  77 
1.3377 
1.5203 
1.5203 
1.52r3 
It  5-203 
U5203 
1,5203 
1.5203 
1,7029 
1,7029 
1,7029 
1,7029 
1.7029 
1.7029 
1.7029 


JE-03 
3E-01 

51  -oi 
5E-01 
5E-01 
5E-01 

5E-01 
5E-01 
5E-01 
6E-01 
6E-01 
6E-01 
6E-01 
6E-01 
6E-01 
6E-01 
0E-01 
OE-01 
0E-01 
OE-01 
0E-C1 
OE-01 
OE-01 
2E-01 
2E-01 
2E-01 
2--0.X 
2F-01 
2E-01 
2F-C1 
4E-01 
4E-01 
4E-01 
4E-01 
4E-01 
4E-01 
4E-01 


Q2 
1.342  2 
1.6659 

1 .03  44 
2.82^5 
4.8969 
7,2633 
9.9200 
1.2866 
1.6103 
4.3251 
2.2186 
4.2950 
6.6614 
9.33  81 
1.2264 
1.5501 
1.4308 
3.0384 
4.9071 
7.0369 
9.4279 
1.2080 
1.4993 
9.3096 
2.5385 
4.40  72 
6.5370 
8.9280 
1.1580 
1.44*9  3 
3.8926 
1.9968 
3.8655 
5.9953 
8.3863 
1,1038 
1.3951 


2E+02 

1L  +  02 
OF +  01 
7E+01 
0"  +01 
7E  +  01 
CE  +  01 
7E+02 
7E+02 
8F-00 
8E  +  01 
1E  +  01 
8E  +  01 
1F  +  01 
8F  +  02 
8E  +  02 
8E+01 
3E  +  01 
2F  +  01 
5E  +  01 
2E+01 
OE  +  02 
2E  +  02 
7E-00 
2E+01 

le+oi 

• 

1E  +  02 
3E  +  02 
7E-00 
2E  +  01 
1E  +  01 
4E  +  01 
OE  +  01 
4E  +  02 
6E  +  02 


Results  for  Air  from  Equation  (6,9) 


G  0  R 

1.40000E-00  4.8G68uE-26  1.8445UE-10 
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U 

5.0000CE-00 

5.00000E-00 

h. 000006-00 

■':.  Pn000E-00 

; .rOO0Ch-0C 

.OOOOOE-00 

5. OOOOOE-OO 

•:.no00CE-00 

^.ooooce-cc 
5. oooooe-oo 

.OOOOOE-00 
i .OOOOOE-00 

. ^nonOP-00 
5. OOOOOE-00 
u. 00000^-00 
5. OOOOOE-00 
5. OOOOOE-OO 
5.0G00GE-00 
3. OOOOOE-OO 
3. OOOOOE-00 
5. OOOOOE-00 
l.OOOOGE+Ol 
] .OOOOOE+01 
1 .OOOOOE+01 
1 .OOOOOE+01 
1 .OOOOOE+01 
1 .OOOOOE+01 
1 .OOOOOE+01 
1. OOOOOE+01 
1 .OOOOOE+01 
1. OOOOOE+01 
1. OOOOOE+01 
1. OOOOOE+01 
1. OOOOOE+01 
1. OOOOOE+01 
1.00000E+01 
1. 00000E+01 
1.00000E+01 
1.00C00E+01 
l.n0000E+01 
1.00000E+01 
1.0000GE+01 
1.50000E+01 
1.50000E+01 
1.50000E+01 
1.50000E+01 
1.5000CE+01 
1.50000E+01 
1.50000E+01 
1.50000E+01 
1.50COOE+01 
1 .50000E+01 
1.50000E+01 
1.50000E+01 
1.50000E+01 


TO 

2.93C00E+02 
2.93000E+02 
2.93000E+02 
2.93000F+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+C2 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.7300GE+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73O0GE+02 
3.73000E+02 
3.73000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.9300GE+02 
2.93000E+02 
2.93000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.73000E+02 
3.73000E+02 
3.7300CE+02 
3.73000E+C2 
3.73000E+02 
3.73000E+02 
3.73000E+02 
2.93000E+02 
2.930CCE+02 
2.93000E+02 
2.93000E+02 
2.93000E+C2 
2.93000E+02 
2.9300CE+02 
3.33000E+02 
3.3300CE+02 
3.33000E+02 
3.330CCE+02 
3.33000E+02 
3.33000E+02 


TW 
4.00000E+02 
5.00000E+< 2 
6.00000E+02 
7.000C0F+02 
8.00000E+G2 
9.0O0G0E+G2 
1.0GC00E  +  i;3 
4.00CGOE  +  '  2 
5.00000E +02 
6 .0000GE+G2 
7.00000E+02 
8.00000E+02 
9.00000E+02 
1.00000E+03 
4.00000E+02 
5.00000E+02 
6.00000F+02 
7.C0000E+G2 
8.00000E+02 
9.00000E+02 
1.000C0E+03 
4.00000E+02 
5.0000CE+G2 
6.00000E+G2 
7.00000E+C2 
8.00000E+G2 
9.00000E+02 
1.00000E+03 
4.00000E+C2 
5.00000E+02 
6.00000E+G2 
7.00000E+02 
8.00000E+02 
9.00000E+C2 
1.00000E+G3 
4.00000E+02 
5.00000E+02 
6.00000F+C2 
7.00000E+C2 
8.0000GE+02 
9.00000E+02 
l.OOOOOE+03 
4.000C0E+02 
5.0000GE+G2 
6.000CCE+C2 
7.00000E+02 
8.0000CE+O2 
9.00000E+02 
1 .O0000E+O3 
4.00000E+G2 
5.00000E+G2 
6.0000GE+02 
7.000C0E+G2 
8.00000E+02 
9.00000E+02 


DW 

•  GGGuGE- 

OOE- 
.i  OOOOE- 
.GGOOOE- 

OOE- 

•  u  UOOOE- 
.GGOOOE- 
.U^oUGE- 

•  GUuOOE- 

.  U  0 1 

.GOOOOE- 

OOF- 
.  0  0  0  0  0  E  ■ 
.COOOOE- 

OOE- 
.OOOOOE- 

•  OOOOOE" 

•  OCOOOE- 
.OOOOOE- 
.UOOOOE- 
.OOOOOE- 
.UOUOOE" 
.OOOOOE- 

•  OOGOOE- 
.GOuOOE- 
.OGGOOE- 
.OCOOOE- 
.OGGGGE- 
.UGuOOE- 
.GGGOOE- 
.GGOOOE- 
.OGGOOE- 
•OOOOOE- 
•GOGOCE- 
.OOOOOE- 
.GCGOOE- 
.OOOCOF- 
.OOOOOE- 
.UUOOOE- 
.OOGOOE- 

•  OOOOOE- 
.GOOOOE- 
.GGUGOE- 
•OOOOOE- 
.OOOOOE- 
.OGGOOE- 
•OOOOOE- 
•OOOOOE- 
.OOOOOE- 
.OOOOOE- 
.OGOOOE- 
.UGGOOE- 
.OOUOOE- 
.GGOOGE- 


■03  1.33770E-00 

•03  1.33770E-00 

■03  1.33770E-00 

•03  1.33770E-00 

■03  1.33770E-00 

•03  1.3377OE-00 

•03  1.33770E-00 

■03  1.52032E-0 

■0  3  1.52032E-00 

■03  1.52C  :-oo 

■0  3  l,.b  2 '..-..■  1-00 

■03  U52032E-00 

•03  1.52032E-00 

•03  1.52032E-00 

•03  1.70294E-00 

•03  1.70294E-00 

•03  1.70294E-00 

■03  1.70294E-00 

03  1.70294E-00 

03  1.70294E-»00 

03  1.70294E-00 

03  6.68652E-01 

03  6.66852E-01 

03  6.68852E-01 

•03  6.68852E-01 

03  6.68352E-01 

03  6.68852E-01 

03  6.68852E-01 

03  7.6C162E-01 

03  7.60162E-01 

03  7.60162E-01 

03  7.60162E-01 

03  7.60162E-01 

03  7.60162E-01 

03  7.60162E-01 

03  8.51473E-01 

03  8.51473E-01 

03  8.51473E-01 

03  8.51473E-01 

03  8.51473E-01 

03  8.51473E-01 

03  8.51473E-01 

03  4.45901E-01 

03  4.45901E-01 

C3  4.45901E-01 

03  4.45901E-01 

03  4.45901E-01 

03  4.459C1E-01 

03  4.459P3E-C] 

03  5.06773E-01 

03  5.06775E-01 

03  5.06775E-01 

03  5.06775E-01 

03  5.06775E-01 

03  5.06775E-01 


Ql 

1.69838E+02 
3.28366E+02 
4.87294E+02 
6.46022E+02 
8.04751E+02 
9.63479E+02 
1.12220E+03 
1.13i74t+02 
2.82590E+02 
4.51307E+02 
6«21023E+02 
7.90239E+02 
9.59-455E  +  02 
L12867E+03 
4.83i45E+01 
2.27445E+02 
4.06^36E+02 
5.85628E+02 
7.64719E+02 
9.43810E+02 
1.12290E+03 
8.49194E+01 
1.64283E+02 
2.43647E+02 
3.2  3  01 1E+C2 
4.02375E+02 
4.81739E+02 
5.61103E+02 
5.66874E+01 
1.41295E+02 
2.25903E+02 
3.10511E+02 
3.9^119E+02 
4.79727E+02 
5.64335E+02 
2.41772E+01 
1 .13722E+02 
2.03268E+02 
2.92814E+02 
3.82359E+02 
4.71905E+02 
5.61450E+02 
5.66129E+01 
1.09522E+02 
1.62431E+02 
2.15340E+02 
2.68250E+02 
3.21159E+02 
3.74068F+02 
3.77916E+01 
9.41969E+01 
1.50602E+02 
2.07007E+02 
2.63413E+02 
3.19818E+02 


u 

1  .e>OOOOE  +  0 
1 . 50000E+0 
1 .50C00E+0 
! .50000E+0 
1 .50000E+0 
1.50000E+0 
1.50000E+0 
1.50000E+0 
2.00000E+0 
2.0000CE+0 
Z.OOOOOE+0 
2.0000CE+0 
2.00000E+0 
2.00000E+0 
2.0000GE+0 
2.00000E+0 
2.00000E+0 
P.OOOCC^+O 
2.0O00GE+0 
2.00000E+0 
2.000C0E+0 
2.00COOE+0 
2.0000CE+0 
2.0OO0OE+O 
2.OO000E+0 
2.0000GE+0 
2.0000^E+0 
2.OO00OE+0 
2.00000E+C 
2.50000E+0 
2.5O00CE+0 
2.50000E+0 
2.50000E+0 
2.50000E+0 
2.5000OE+0 
2.50000E+0 
2.500O0E+O 
2.5O00CE+O 
2.50000E+0 
2.50000E+0 
2.5GOOOE+0 
J.50000E+0 
2.50O00E+C 
2.5O0OOE+O 
2.50000E+0 
2.50000E+0 
2.50000E+0 
2.5000GE+0 
2.5000GE+0 
2.50000E+0 
=J.nO00OE+O 
3.00000E+0 
^.noooCE+O 
3.00000E+0 
3.00000E+C 
3.OOO0OE+0 
3.QOOOOE+0 
3.0O0OOE+0 
3.00000E+0 


TO 

3.33000E+02 
3.73000E+02 
3.73O0CE+02 
3.7300CE+02 
3.730COE+02 
3.73000E+02 
3.73000E+02 
3.73000E+U2 
2.9300CE+02 
2.93O0OE+O2 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+O2 
3.3300CE+O2 
3.330C0E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.73000E+02 
3.73000E+02 
3.7300GE+02 
3.73000E+02 
3.73000E+02 
3.7300OE+02 
3.73000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93O0OE+02 
2.93000E+02 
2.9300GE+02 
3.3300GE+02 
3.33C00E+02 
3.3300OE+O2 
3.33000E+02 
3.33000E+02 
3.33000E+O2 
3.33000E+02 
3.73COOE+02 
3.7300GE+02 
3.7300GE+02 
3.7300GE+02 
3.73000E+02 
3.730GOE+02 
3.73000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.930C0E+02 
2.93000E+02 
3.3300GE+02 
3.33000E+02 


TW 


EW 


1.00000E+03  ] 

L.OUOOOE- 

-03 

5.06775E- 

-01 

3. 

4.00000E+02  : 

L.UOuOOE- 

-03 

5.67649E- 

-01 

1. 

5.0O0OOE+02  : 

L.OOOOOE- 

-03 

5.67649E- 

-01 

7. 

6.00000E+C2  : 

L.OG00OE- 

-03 

5.67649E- 

-01 

1. 

7.OO0OOE+C2  : 

L.OOOCOE- 

-03 

5.67649E- 

-01 

1. 

8.000C0E+02  ] 

L.OOOOOE- 

-03 

5.676^9E- 

-01 

2. 

9.0000GE+O2  ' 

L.OOOOOE- 

-03 

5.67649E- 

-01 

3. 

l.OOOOOE+03  : 

L.OOOOOE- 

-03 

5.67649E- 

-01 

3. 

4.C00O0E+O2  ] 

. .  OOOOE- 

-03 

3.34426E- 

-01 

4. 

5.00000E+C2  : 

L.OOOOOE- 

-03 

3.34426E- 

-01 

8. 

6.000C0E+02  : 

L.uuOOOE- 

-03 

3.34426E- 

-01 

1. 

7.00000E+02  : 

L.OUOOOE- 

-03 

3.34426E- 

-01 

1. 

8.00000E+02  : 

..UOUOOE- 

-03 

3.3<+426E- 

-01 

2. 

9.000GGE+02 

L.UOGOOE- 

-03 

3.34426E- 

-01 

2. 

1.00000E+C3  : 

L.OGGOOE- 

-03 

3.34426E- 

-01 

2. 

4.O0000E+O2  : 

L.OOOOOE- 

-03 

3.80081E- 

-01 

2. 

5.0O00OE+O2  : 

L.OOOOOE- 

-03 

3.80081E- 

-01 

7. 

6.00000E+02  ' 

L.OGGOOE- 

-03 

3.80O81E- 

-01 

1. 

7.C000CE+02  . 

L.OGOOOE- 

-03 

3.80081E- 

-01 

1. 

8.O0O00E+02  : 

L.OOOOOE- 

-03 

3.80081E- 

-01 

1. 

9.0000CE+G2 

L.OOOOOE- 

-03 

3.80081E- 

-01 

2. 

l.OOOOOE+03 

L.OGOOOE- 

-03 

3.80081E- 

-01 

2. 

4.00000E+02 

L.OOOOOE- 

-03 

4.25736E- 

-01 

1. 

5.00000E+02 

L.OUUOOE- 

-03 

4.25736E- 

-01 

b. 

6.C0000E+C2 

L.OGUOOE- 

-03 

4.25736E- 

-01 

1. 

7.0000OE+02 

L.OOOOOE- 

-03 

4.25736E- 

-01 

1. 

8.00000E+02 

L.OOOOOE- 

-03 

4.25736E- 

-01 

1. 

9.00000E+02 

L.OOGOOE- 

-03 

4.25736E- 

-01 

2. 

1.00000E  +  C  )3 

L.UOOOOE- 

-C3 

4.25736E- 

-01 

2. 

4.00000E+02 

L. OOOOOE- 

-03 

2.67540E- 

-01 

3. 

5.CO0OGE+^2 

L.GOOOCE- 

-03 

2.675A0c:- 

-01 

6. 

6.00000E+C2 

..OOOOOE- 

-03 

2.67540E- 

-01 

9. 

7.000COE+02 

L.OOOOOE- 

-03 

2.67340E- 

-01 

1. 

8.00C00E+02  . 

L.UOUOOE- 

-03 

2.67540E- 

-01 

1. 

9.00000E+C2 

L.UOOOOE- 

-03 

2.67540E- 

-01 

1. 

i.oooooe+03  : 

L. OOOOOE- 

-03 

2.67540E- 

-01 

2. 

4.00000E+02  ' 

L.UUGOOE- 

-03 

3.04065E- 

-01 

2. 

5.00000E+02  : 

L.OGQQOE- 

-03 

3.04065E- 

-01 

5. 

6.00000E+C2  : 

L.OOOOOE- 

-03 

3.04C6i?E- 

-01 

9. 

7.000COE+02  : 

L.OOOOOE- 

-03 

3.04065E- 

-01 

1. 

8.000C0E+02 
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84469E+01 
65918!  i-Ol 

47368E+01 
02881E+02 
21026E+02 
13b02E-00 
43888E+01 
3b926E+01 
27964E+01 
20003E+01 
01204E+02 
20407E+02 
56100E+01 
01988E+01 
47876E+01 
93765E+01 
39653E+01 
85541E+01 
03142E+02 
04203E+01 
59731E+01 
15259E+01 
70787E+01 
26315E+01 
81843E+01 
03737E+02 
44430E-00 
09047E+01 
73651E+01 
38255E+01 
02859E+01 
67464E+01 
03206E+02 
36587E+01 
64240E+01 
91892E+01 
19544E+01 
47196E+01 
74848E+01 
02501E+01 
11782E-00 
27265E+01 
63352E+01 
99439E+01 
35526E+01 
71613E+01 
07700E+01 
88876E-00 
82916E+01 
26945E+01 
70973E+01 
15002E+01 
59031E+01 
03059E+01 
21411E+01 
34880E+01 
4B348E+01 
61817E+01 
75285E+01 
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•'■  .'-npOUE  +  01 
i».5dO0OE+O] 
4. ^OOOOE+01 
'. .  50000F+C) 
4.50000E+01 
^. 500U0E+0] 
4.50O0CE+01 
4.50000E+C1 
4.50000E+01 
4.50000E+01 
4.50000E+01 
4.50000E+0] 
4.C,0000E  +  01 
.  000E+01 
■'..  ^noOOE  +  Ol 
.  OOOOE+O] 
.60OOOE+OI 
5»06O0OE+01 
5.0000GE+01 
5.QOOOOE+01 
5.0000GE+01 
5.O000OE+C1 
5.GOOOOE+01 
5.00COOE+01 
5.COOOOE+01 
5.0OOO0E+01 

s.onoooF+01 

^.OOOOCE+Ol 
^.OOOOOF+O] 
5.QOOOOF+01 
5.0GOOOE+01 
5.00000E+01 
5.00O0OE+01 
5.00000E+01 
5.00000E+01 
^.OOCOOE+Ol 
5.CPOOOE+01 
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2.93000E+02 

2.930GOE+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.3300OE+02 
3.33000E+02 
3.73000E+02 
3.73GOOE+02 
3.73OOOE+02 
3.73000E+02 
3.73000E+02 
^.7^000E+02 
3.73000E+02 
2.9300CE+02 
2.93O00E+O2 
2.93000E+02 
2.93000E+02 
2.9300CE+02 
2.9300GE+02 
2.93000E+02 
3.33000E+02 
3.33000E+02 
3.330OOE+02 
3.33000E+02 
3.33000E+02 
3.3300CF+02 
3.33OO0E+02 
3.73000E+02 
3.73O00E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
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5.00000E+'  2 
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7.00000E+02 
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6.0000OE+02 
7.00000E+02 
8.OOOOOE+02 
9.00000E+02 
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88754E+01 
02223E+01 
10473E-00 
02013E+01 
22979E+01 
43945E+01 
64912E+01 
85878E+01 
06&44E+01 
4b668E-00 
62592E+01 
90617E+01 
18643E+01 
46668E+01 
74694E+01 
02719E+01 


15635E+01 
17757E+01 
19879E+01 
22000E+01 
29426E-00 
81812E+01 
90681E+01 
99551E+01 
08420E+01 
17290E+01 
26160E+01 
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46333E+01 
61556E+01 
76778E+01 
92001E+01 
07224E+01 
22447E+01 


Results  for  Helium 
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5.00000E-00 

2.93000E+02 

4.00000E+02 

l.OOOOOE-03 

2.74337E-00 

6.24556E+02 

5.00000E-00 

2.93000E+02 

5.00000E+C2 

1.00000E-03 

2.74337E-00 

1.20825E+03 

5.00000E-00 

2.93000E+02 

6.00000E+02 

1.0O000E-03 

2.  74  3"-J7E-00 

W79195E+03 

5.00000E-00 

2.93000E+02 

7.0O0O0E+02 

l.OOOOOE-03 

2.74337E-00 

2.37565E+03 

5.0C00CE-00 

2.93000E+02 

8.00000E+02 

l.OOOOOE-03 

2.74  3J)7El-00 

2.9i>934E  +  03 

5.00000E-00 

2.930OCE+O2 

9.00000E+02 

l.OOOOOE-03 

2.74337E-00 

3.54304E+03 

5.0000CF-00 

2.93000E+02 

1  .OOOOOE  +  03 

l.OOOOOE-03 

2.74337E-00 

4.12674E+03 

^.OCOOOF-OO 

3.33000E+02 

4.00000E+02 

l.OOOOOE-03 

3.11790E-00 

4.16918E+02 

5.00000E-00 

3.33000E+02 

5.00000E+02 

l.OOOOOE-03 

3.11790E-00 

1.03918E+03 

^.OOOOCF-OO 

3.33000E+02 

6.00000E+02 

l.OOCOOE-03 

3.U790E-00 

1.66145E+03 

5.00000E-00 

3.33000E+02 

7.00000E+02 

l.OOOOOE-03 

3.11790E-00 

2.28371E+03 

5.00000E-CO 

3.33000E+02 

8.00000E+02 

l.OOOOOE-03 

3.11790E-00 

2.90598E+03 

5.00000E-00 

3.33000E+02 

9.00000E+02 

l.OOOOOE-03 

3.11790E-00 

3.52625E+03 

5.0COOOE-00 

3.33000E+02 

1.00000E+03 

1.00000E-03 

3.11790E-00 

4.15051E+03 

5.COOOOE-00 

3.73000E+02 

4.00000E+02 

l.OOOOOE-03 

3.49242E-00 

1.77816E+02 

5.0COOOE-00 

3.73000E+02 

5.00000E+02 

l.OOOOOE-03 

3.49242E-00 

8.36396E+02 

5.COOCOE-00 

3.73000E+02 

6.00000E+02 

l.OOOOOE-03 

3.49242E-00 

1.49497E+03 

5.00000E-00 

3.73000E+02 

7.00000E+02 

1.00000E-03 

3.'»9242E-00 

2.15355E+03 

5.0000CE-00 

3.73000E+02 

8.00000E+02 

l.OOOOOE-03 

3.49242E-00 

2.81213E+03 

5.00000E-00 

3.73000E+02 

9.00000E+02 

1.00000E-03 

3.49242E-00 

3.47071E+03 

5.00000E-00 

3.7300CE+02 

l.OOOOOE+03 

1.00000E-03 

3.49242E-00 

4.12929E+03 

1 .OOOOCE+Ol 

2.930OOE+O2 

4.00000E+02 

l.OOOOOE-03 

1.37168E-00 

3.12278E+02 

1 .OOOOOE+Ol 

2.93000E+02 

5.00000E+02 

l.OOOOOE-03 

1.37168E-00 

6.04127E+02 

1  .OOOOOE  +  Ol 

2.93000E+02 

6.00000E+02 

l.OOOOOE-03 

1.37168E-00 

8.95976E+02 

1. OOOOOE+Ol 

2.93000E+02 

7.OOO00E+O2 

l.OOOOOE-03 

1.37168E-00 

1.18782E+03 

1. OOOOOE+Ol 

2.93000E+02 

8.00000E+02 

l.OOOOOE-03 

1.37168E-00 

1.47967E+03 

l.OOCOOE+Ol 

2.93000E+02 

9.00000E+02 

1.U0000E-03 

1.37168E-00 

1.77152E+03 

1. OOOOOE+Ol 

2.93000E+02 

l.OOOOOE+03 

l.OOOOOE-03 

1.37168E-00 

2.06337E+03 

1. OOOOOE  +  Ol 

3.33000E+02 

4.00000E+02 

l.OOOOOE-03 

1.55895E-00 

2.08459E+02 

1. OOOOOE+Ol 

3.33000E+02 

5.00000E+02 

l.OOOOOE-03 

1.55895E-00 

5.19592E+02 

1. OOOOOE  +  Ol 

3.33000E+02 

6.00000E+02 

l.OOOOOE-03 

1.55895E-00 

8.30725E+02 

1. OOOOOE+Ol 

3.33000E+02 

7.0O00OE+02 

l.OOOOOE-03 

1.55895E-00 

1.14185E+03 

1. OOOOOE+Ol 

3.33000E+02 

8..00000E  +  02 

l.OOOOOE-03 

1.55895E-00 

1.45299E+03 

1  .OOOOOE  +  Ol 

3.33000E+02 

9.00000E+02 

1.00000E-03 

1.55895E-00 

1.76412E+03 

1. OOOOOE+Ol 

3.33000E+02 

l.OOOOOE+03 

l.OOOOOE-03 

1.55895F-00 

2.07525E+03 

1. OOOOOE  +  Ol 

3.73000E+02 

4.00000E+02 

l.OOOOOE-03 

1.74621E-00 

8.89082E+01 

1. OOOOOE  +  Ol 

3.73000E+02 

5.00000E+02 

l.OOOOOE-03 

1.74621E-00 

4.18198E+02 

l.CCOOOE+Ol 

3.73000E+02 

6.00000E+02 

l.OOOOOE-03 

1.74621E-00 

7.47488E+02 

1. OOOOOE+Ol 

3.73000E+02 

7.00000E+02 

l.OOOOOE-03 

1.74621E-00 

1.07677E+03 

1. OOOOOE+Ol 

3.73OO0E+02 

8.00000E+02 

l.OOOOOE-03 

1.74621E-00 

1.40606E+03 

1. OOOOCE  +  Ol 

3.73000E+02 

9.00'000E+02 

l.OOOOOE-03 

1.74621E-00 

1.73535E+03 

l.COOOOE+Ol 

3.73000E+02 

l.OOOOOE+03 

l.OOOOOE-03 

1.74621E-00 

2.06464E+03 

1  .5000CE  +  01 

2.93000E+02 

4.00000E+02 

l.OOOOOE-03 

9.14459E-01 

2.08185E+02 

i  .50000E+01 

2.93000E+02 

5.00000E+O2 

l.OOOOOE-03 

9.14459E-01 

4.02751E+02 

.  r'-OCE  +  Cl 

2.93000E+C2 

6.00000E+C2 

l.OOOOOE-03 

9.14459E-01 

5.97317E+02 

.  50000E  +  01 

2.93000E+02 

7.00000E+02 

l.OOOOOE-03 

9.14459E-01 

7.91883E+02 

1  .OOOOOE  +  Ol 

2.93000E+02 

8.00000E+02 

l.OOOOOE-03 

9.14459E-01 

9.86449E+02 

]  .5O000E  +  O1 

2.93000E+02 

9.C0000E+02 

l.OOOCOE-03 

9.14459E-01 

1.18101E+03 

1.5O0O0E+01 

2.93000E+02 

l.OOOOOE+03 

l.OOOOOE-03 

9.  14459E-01 

1.37558E+03 

1 .50COOE+01 

3.330O0E+O2 

4.00000E+02 

l.OOOOOE-03 

1.03930E-00 

1.38972E+02 

.50O00E+O1 

3.33000E+02 

5.00000E+02 

l.OOOOOE-03 

1.03930E-00 

3.46394E+02 

1 .50COOE+01 

3.33000E+02 

6.00000E+02 

l.OOOOOE-03 

1.03930E-00 

5.53817E+02 

.50000E+01 

3.33000E+02 

7.000O0E+O2 

l.OOOOOE-03 

1.03930E-00 

7.61239E+02 

! .50000E+01 

3.33O0OE+02 

8.C0000E+O2 

l.OOOOOE-03 

1.03930E-00 

9.68661E+02 

1.5COOOE+01 

3.33000E+02 

9.00000E+02 

l.OOOOOE-03 

1.03930E-00 

1.17608E+03 
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1.50000E+01 
1 .50000E+01 
1 .5C00CE+01 
1.50000E+01 
1.50000E+01 
.1.50000E  +  01 
1.5000CE+01 
1.50000E+01 
2.00000E+01 
2.00000E+01 
2.0000CE+01 
2.0000CE+01 
2.00000E+01 
2.000CCE+01 
2.0000CE+01 
2.00000E+01 
2.C0000E+01 
2.0G000E+01 
2.00000E+01 
2.00000E+01 
2.00000E+01 
2.0000CE+01 
2.00000E+01 
2.00000F+01 
2.00000E+01 
2.00000F+01 
2.r)O0O0E+01 
2.00000E+01 
2.00000E+01 
2.50000E+01 
2.50000E+01 
2.50000E+01 
2.50000E+01 
2.50O00E+O1 
/.50000E+01 
2.5O0OOE+01 
2.50000E+01 
2.50000E+01 
2.50000E+01 
2.5O00OE+01 
2.50000E+01 
2.50000E+01 
2.50000E+01 
2.50000E+01 
2.50000E+01 
2.50000E+01 
2.50000E+01 
2.50000E+01 
2.50000E+01 
2.5OO0OE+01 
3.00000E+01 
3.00000E+01 
3.00000E+01 
3.00000E+C1 
3.000C0E+01 
3.00000E+C1 
3.00000E+01 
3.C0000E+01 
3.00000E+01 
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3.33000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.7300UE+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.9300CE+02 
2.93000E+02 
2.93000E+02 
3.33000E+02 
3.33OO0E+O2 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.7300CE+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73OOOE+02 
3.73000E+02 
3.73000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.9300OE+02 
2.93000E+02 
2.9300.0E  +  02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.33000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
3.73000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.93000E+02 
2.9300OE+02 
2.93O0OE+02 
2.93000E+02 
3.3300OE+02 
3.33000E+02 
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l.oononE+n3 
4.nnoonE+o2 

5.O0000E+O2 
6.00000E+02 
7.00000E+02 
8.00000E+02 
9.00000E+02 
1.00000E+03 
4.00000E+02 
5.00000E+02 
6.00000E+02 
7.00000E+02 
8.00000E+02 
9.CO00OE+O2 
1.00000E+03 
4.00000E+02 
5.O0000E+O2 
6.00000E+02 
7.0000OE+02 
8.00000E+02 
9.00000E+02 
1.00000E+03 
4.00000E+02 
5.OO0O0E+O2 
6.00000E+02 
7.00000E+02 
8.00000E+02 
9.00000F+02 
1.0O00OE+O3 
4.O0000E+02 
5.00000E+02 
6.00000E+02 
7.00000E+02 
8.00000E+02 
9.00000E+02 
1.00000E+03 
4.00000E+02 
5.00000E+02 
6.0O000E+02 
7.00000E+02 
8.00000E+02 
9.00000E+02 
1.00000E+03 
4.000C0E+02 
5.00000E+02 
6.00000E+02 
7.00000E+02 
8.00000E+02 
9.00000E+02 
1.00000E+03 
4.00000E+02 
5.00000E+02 
6.00000E+02 
7.00000E+02 
8.00000E+02 
9.00000E+02 
1.0-0000E  +  03 
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Pig.  1    Maxwell-Boltzmann  Speed  Distribution  Punotion 
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She  pur  post  of  the  study  was  to  find  an  equation  for  the 
eemveetlve  heat  transfer  in  the  free  molecular  regime  from  a  hot 
vire  to  e  gee  at  rest*  In  tt—  molecule  flow  the  characteristic 
dimension  of  a  body  1— orisi  into  a  gas,  the  wire  diameter  in  the 
ease  considered,  ia  eaall  coopered  to  the  mean  free  pith  of  the 
molecules.  Xhis  implies  that  there  ia  no  distinct  temperature 
gradient  and  therefore  the  use  of  kinetie  theory  to  calculate  the 
eonveefcive  heat  transfer  is  necessary.  Kinetie  theory  allows 
application  of  the  laws  of  elasaieel  mechanics  to  the  individual 
molecules  of  a  system  and  treatment  of  the  molecules  statistically. 

Zhe  eonveetlve  heat  transfer  rate  from  a  hot  wire  to  a 
rarefied  gas  is  then  given  by  the  average  inerease  in  energy  of 
a  molecule  after  collision  with  the  wire  multiplied  hy  the  number 
of  Impacts  between  molecules  and  wire  per  unit  time*  Ihe 
assumption  was  made  that  the  local  heat  transfer  Is  the  same  over 
the  entire  wire  which  led  to  a  relatively  simple  expression 
for  the  heat  transfer  rate. 

With  the  help  of  an  IBM  1620  computer,  numerical  values 
were  obtained  for  different  gases »  different  ratios  of  vire 
temperature  to  free  stream  temperature,  and  various  Knudsen 
members,  the  values  of  the  heat  transfer  rates  obtained  for  air 
have  been  compared  with  the  heat  transfer  rate  from  a  wire  to 
air  at  rest,  published  recently  by  L.  V.  Baldwin. 

She  comparison  of  the  results  of  the  two  equations  showed 
that,  at  a  ratio  of  the  wire  temperature  to  the  free  stream 
temperature  of  approximately  l*9t  the  two  equations  yield  nearly 
the  same  values  for  the  heat  transfer  rates.  At  a  higher 


ratio,  the  equation  developed  tay  the  author  *ivea  lover  boat 
transfer  ratee  then  does  Baldwin's  equation,  whereaa  at  a  teaper* 
ature  ratio  lower  than  1.9,  Baldwin  »a  equation  yield*  lower  teat 
transfer  rates. 


